Background: Over 12,000 individuals suffer a spinal cord injury (SCI) annually in the United States, necessitating longterm, complex adjustments and responsibilities for patients and their caregivers. Despite growing evidence that family education and support improves the management of chronic conditions for care recipients as well as caregiver outcomes, few systematic efforts have been made to involve caregivers in psycho-educational interventions for SCI. As a result, a serious gap exists in accumulated knowledge regarding effective, family-based treatment strategies for improving outcomes for individuals with SCI and their caregivers. The proposed research aims to fill this gap by evaluating the efficacy of a structured adaptation of an evidence-based psychosocial group treatment called MultiFamily Group (MFG) intervention. The objective of this study is to test, in a randomized-controlled design, an MFG intervention for the treatment of individuals with SCI and their primary caregivers. Our central hypothesis is that by providing support in an MFG format, we will improve coping skills of persons with SCI and their caregivers as well as supportive strategies employed by caregivers.
(Continued from previous page) Discussion: Support for our hypotheses will indicate that MFG-SCI is superior to specific education for assisting patients and their caregivers in the management of difficult, long-term, life adjustments in the months and years after SCI, with increased efficacy closer in time to the injury.
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Background
In the United States, an estimated 276,000 individuals currently live with spinal cord injuries (SCIs) [1] . The vast majority of SCIs are the result of unexpected events (i.e., vehicular accidents, falls, acts of violence, and accidents that occur during sports and recreation) that immediately, dramatically, and permanently change the lives of those who experience them [2] . Over half of the individuals who experience SCI are healthy [3] and employed [4] at the time of their injuries. The vast array of loss that ensues is life-shattering and includes loss of mobility, loss of functional abilities, changes in sensory and autonomic functioning, multisystem impairment, risk of serious secondary complications, and decrease in life expectancy [4, 5] . Not only are those who experience SCI largely young-between the ages of 15 and 35 yearsthey are most frequently single young men [3, 4, 6] who find themselves unable to maintain employment [4] as a result of related disability [7] and suddenly dependent upon others for their care [8] . Physical limitations related to their injuries also limit their social interaction and interfere with their ability to perform social roles [9, 10] . Each of these stressors contributes to extremely high levels of psychological distress and morbidity [8] , including increased risk for substance abuse [11] , decreased life satisfaction [12] , decreased social integration, and increased loneliness [9, 10] .
The vast majority of those who experience SCI are sent home after discharge from the hospital [4] . Family members often find themselves in the role of caregivers, serving as advisors, educators, advocates, and prevention / management specialists concerning health complications, as well as providing financial support [5] . While such support has been described as indispensable for individuals with SCI [5] , it significantly strains family members in these positions [13] [14] [15] . Caregivers often report chronic health problems, feelings of frustration, isolation, guilt, and resentment toward their injured family member [16] ; spouses of individuals with SCI have been found to self-report even higher levels of distress than with the person with SCI [17] . There is an obvious need for psychologically based interventions aimed at improving the health status and quality of life for individuals with SCI and those who care for them [8] .
Decades of research and meta-analytic reviews have demonstrated that the education and involvement of caregivers in the treatment of persons with other chronic conditions (e.g., severe mental illness) results in improved rehabilitative and community outcomes relative to those receiving individual treatment or treatment as usual [18] [19] [20] . When used with schizophrenia and traumatic brain injury (TBI), one such approach that engages care recipient and caregiver in co-treatment, termed Multi-Family Group (MFG) psycho-education, has been found to improve the management of these conditions and improve caregiver outcomes as well [21] [22] [23] [24] . However, few systematic efforts have been made to involve caregivers in psycho-educational interventions designed to improve adjustment to SCI. As a result, a serious gap exists in accumulated knowledge regarding effective, familybased treatment strategies for improving outcomes for individuals with SCI and their caregivers. This study aims to fill this gap by evaluating the efficacy of a structured adaptation of an evidence-based group treatment for SCI. This psychosocial intervention, MFG for SCI (MFG-SCI), builds on earlier work by Dyck and colleagues [21] .
The purpose of this study is to rigorously test the previously developed MFG intervention for persons with SCI and their primary caregivers. We will recruit individuals with SCI who have been discharged from inpatient rehabilitation within the previous 3 years and their primary caregivers. The MFG intervention will be compared to an active control condition (SCIEC) in a two-armed randomized trial design. We will test the following hypotheses in the proposed study: 1) The MFG intervention relative to the SCIEC condition will result in greater improvement in quality of life, health activation, and health status and psychological functioning among individuals with SCI; it will also result in reduced caregiver burden among informal caregivers, as well as improved relationship quality.
2) The MFG intervention will be shown to be more effective for individuals with SCI and their caregivers when the patient is within 18 months of discharge from inpatient rehabilitation (e.g., sub-acute phase of adjustment to injury), compared to when the patient is between 19 and 36 months post discharge from inpatient rehabilitation (e.g., chronic phase of adjustment to injury).
Methods and design
We will randomize 32 outpatients with SCI and their caregivers to a 9 month MFG intervention (MFG-SCI, n = 16 pairs) or to an SCI education control condition (SCIEC, n = 16 pairs) of the same duration. Over time, each condition will have 4 to 5 cohorts of 3 to 5 couple pairs. Participants will receive the different treatments at a single medical rehabilitation hospital. All participants will provide written informed consent prior to participation. The SCIEC condition will be based on the 4th Edition of the book titled: Yes, you can: A guide to self-care for persons with spinal cord injury [25] . The content will be taken from four sections of the book and will be covered in 16 bi-monthly sessions: 1. How SCI affects your body; 2. Maximizing your function; 3. Coping and Living with SCI; and 4. Staying healthy with SCI. The study will employ a two-arm randomized intervention-control design with repeated measures of outcomes across time. Depending on characteristics of individuals with SCI who consent to participate, we will stratify participants on time since injury (≤18 months post discharge vs. 19-36 months) and location/severity of the SCI (American Spinal Injury Association [ASIA] Classification system) and randomize to the two conditions, rigorously assessing outcomes of those with SCI and their caregivers. The SCIEC intervention will provide SCI management information in a didactic format, but it will not include the group problem-solving or structured social support afforded by MFG over the same 9-month period. Each of the clinicians will be provided a manual for didactic components of the intervention; in addition, they will receive bi-weekly supervision by the PI. For all participants, we will continue to measure outcomes after completion of the 9-month intervention period in order to assess durability of outcomes.
Eligibility criteria for individuals with SCI will include: having an SCI (quadriplegia or paraplegia) due to an acquired injury with complete or incomplete lesion as defined by ASIA; discharge from inpatient rehabilitation within the previous 3 years; being age 16 years or older; having a mobility impairment as the result of the SCI; living in the community in a non-group setting after injury; planning to remain in the geographic area for at least 12 months; and competency in English. Dyads will be excluded if the primary caregiver or person with SCI has a terminal illness with life expectancy of less than 12 months; is in active treatment for cancer; is blind or deaf; or has a moderate to severe cognitive impairment (defined at screening as a score on the Short Portable Mental Status Questionnaire > 4 errors).
Eligibility criteria for primary caregivers will include provision of instrumental or emotional support for a spouse, relative, partner, or friend with SCI; having regular contact with the individual with SCI (at least a minimum of 2 h face-to-face contact per week); living with or near the individual with SCI; being age 18 or over; having a telephone; planning to remain in the geographic area for at least 12 months; and competency in English.
Outcome measures
Individuals with SCI and their caregivers will be assessed pre-and post-treatment and 6 months post-treatment (see Table 1 ). Outcomes will be assessed with psychometrically validated quantitative measures for persons with SCI and caregivers. We will also measure the quality of the dyad's relationship. Qualitative focus groups will be conducted with all participants at the end of the treatment periods to uncover participant perceptions of overall group experience, how useful it was, suggestions for improvement, and information and/or coping skills they learned to support rehabilitation or care giving.
SCI patient assessments
The Patient Activation Measure (PAM) [26] will be used to assess our primary quality of life outcome: health/patient activation. The PAM will measure the degree of individual's knowledge, confidence, and skill to participate in self-management [26] . A higher degree of patient activation has been associated with better health outcomes for adults with chronic conditions [27] [28] [29] [30] . Two measures will be used to assess our secondary outcomes of angerexpression and social support (i.e., change in the person with SCI's use of adaptive social behaviors needed for effectively coping with SCI): the Anger Expression Scale (AXS) [31] will measure anger management including anger-in (suppression of angry feelings), anger-out (expression of anger towards property or people) and anger control (the frequency of attempts to control expressions of anger). The Abbreviated Duke Social Support Index (ADSSI) [32] will be used to measure both subjective support and social network interactions. We will also evaluate the presence and severity of depressive symptoms as these may influence benefits derived from treatment. The 10-item form of the widely-used, reliable Center for Epidemiologic Study of Depression (CESD-10) [33] will assess level of current depressive symptoms.
Caregiver assessments
The Caregiver Burden Inventory (CBI) [34] will evaluate caregiver burden in four areas: physical, social, emotional and time dependence burden. The CESD-10 will be used to evaluate depressive symptoms during the past 6 months.
Dyad functioning
The Family Crisis Oriented Personal Evaluation Scales (F-COPES) [35] assesses family-level coping including use of social/spiritual support, reframing negative events, and mobilizing the family to acquire/accept help. The F-COPES has been widely used with internal consistency reliability ranging from .82 to .89 [36] . The F-COPES will allow us evaluate, on an exploratory basis, whether improved dyad functioning is mediated by improved coping and will be administered to both dyad members.
Overview of the MFG intervention
MFG-SCI uses a structured problem-solving and skills training approach to provide individuals with SCI and their caregivers with tools and information to improve coping and help family members to reconnect through positive behavioral exchanges. MFG educators are health professionals with experience in management of SCI, such as physical therapists, occupational therapists, and psychologists. MFG-SCI consists of three sequential phases: (1) a "Joining" in which MFG educators meet with each individual dyad for 2-3 sessions to allow participants to become acquainted with the educators, evaluate ongoing problems, and define treatment goals; (2) a 2-session Educational Workshop which provides information about SCI to all persons with SCI and their caregivers; (3) bi-monthly multifamily group meetings for 6 months (12 sessions) which provide a structured format for building problem-solving and communication skills while receiving social support. These 12 sessions will be divided into three 4-session phases: SCI management and self-care, coping, living with SCI, and staying healthy after SCI. Through instilling a systematic approach to solving everyday problems related to SCI challenges, MFG aims to reduce emotional distress and improve skills and supports through enlisting the caregiver's practical and emotional support for the person with SCI.
The educator joining with each couple also leads the group. Although the structure and contents of the MFG Joining and Workshop are provided in the relevant sections of the treatment, the focus here is on describing the structure of the MFG problem-solving sessions. The group sessions consist of 3 components: (1) A brief (15-min) period for socialization, unwinding and "small talk"; (2) after 15 min, the educator starts the "Go Round" in which each couple relates briefly how the past 2 weeks have gone for them, including follow-up on homework or problem-solving recommendations. The educators take this opportunity to amend plans which have not been successful, offering a modification of the original or an alternative solution. Based on the Go Round, a problem or goal is selected for the current week's group exercise. Thirty-five minutes are allotted to the Go Round, including problem selection. (3) The educators then lead the group in formal problem solving for approximately 35 min, using a six step process based on brainstorming methods from organizational and business practices. Step 4. Choose the solution that best fits the situation (MFG members);
Step 5. Plan how to carry out this solution (Educators);
Step 6. Review implementation (Educators).
The proceedings will be recorded on a whiteboard, to facilitate group participation and record the results. After the problem-solving exercise, 5 min are reserved for a wind-down before ending. This treatment approach differs from those that deliver information or develop skills in a planned sequence. Instead, problems are addressed as they occur in the course of participants' daily lives. Solutions to emergent or continuing problems are generated by the group and/or by the educators, drawing on their knowledge of general problem-solving and compensatory strategies keyed to specific problems (e.g. pain, bladder management, pressure sores, needed home modifications), using the educators as consultants. The solutions are then implemented as homework, and reviewed during the next session. This approach has the advantage of ecological validity, a key aspect of rehabilitation interventions often lacking in more formulaic interventions [37] .
Comparison condition: SCIEC
The SCIEC condition is a 16-session, highly structured educational intervention that provides information on how SCI affects the body; methods for maximizing function, coping, and living with SCI; and staying healthy with SCI. It also includes general guidelines for improving health behavior. The content for these areas is based on a highly recognized self-care guide for persons with SCI [25] . Areas of focus in MFG-SCI, such as coping with SCI problems or dyad relationship and family readjustment issues, are explicitly not addressed in SCIEC. Each SCIEC session follows the same structure, beginning with a presentation of the objectives for the current session and a brief review of material from the previous session before introducing the session's topic and presenting information on one or two key problem areas. In order to limit opportunities for group interaction and development of group cohesion, SCIEC utilizes a traditional didactic model with information delivered by the educator in a classroom or lecture setting (where all chairs face the educator). In addition, the information provided is general and broad-based, rather than focused on individual participants' concerns. To avoid overlap with MFG problem-solving skills training, individual health problems will not be discussed. Instead, participants will be referred to their provider or supplied with a referral as needed. By contrast, MFG-SCI is designed to foster group support by delivering skills training in a round-table setting where all group members are encouraged to join in problem-solving exercises. Furthermore, the MFG educators' approach is collaborative, and the materials are drawn from the everyday problems brought in by group members. Consistent with an educational model, handouts summarizing session material are provided in SCIEC; whereas in MFG-SCI homework is assigned as an integral feature of skills training and rehearsal and repetition are critical components of skills acquisition. Table 2 shows the key structural-conceptual differences between conditions, while Table 3 summarizes the overall structure of the two conditions, including the different phases, components, and basic material delivered in each intervention. 
General analytic approach
Preliminary analyses will include inspection of descriptive statistics and features of the data to determine whether data transformations for non-normal data are necessary. We will initially test whether baseline characteristics of the study population (e.g., age, sex, race, neurological level, extent of lesion) and other variables known to be related to the primary outcomes are comparable between the two treatment groups using independent t-tests or Wilcoxon rank-sum tests for continuous variables, and chi-square or Fisher's exact tests for categorical variables. Groups will be considered imbalanced on variables that differ at p < .10, and all such imbalanced baseline prognostic factors will be included in primary analyses as covariates. We intend to measure the primary and secondary outcomes described in Table 1 at three time points for each participant (SCI patient and caregiver). Because repeated measurements on individual subjects tend to be correlated and, in some cases, the number and intervals of time between observations may vary among subjects, we will analyze each outcome measure with a general linear mixed model (GLMM) for longitudinal (repeated measures) data by modeling for 3 independent variables: Group (MFG-SCI vs. SCIEC), Time Since Inpatient Treatment (0-18 months vs. 19-36 months post-treatment), and Time of Assessment (pre-treatment, post-treatment, and 6-month follow-up) with covariates represented in the analyses as necessary, and individual subject variables will be simultaneously modeled as random effects. GLMM will account for dependence in repeated measures and accommodate correlated errors, unequal correlations among time points, unbalanced data resulting from missing data points, and unequal intervals between testing occasions. All principal analyses will be conducted based on the intention-to-treat principle in which any participant randomized to a treatment arm remains in it regardless of adherence to or completion of treatment. We will measure level of participation and conduct a sensitivity analysis that assesses the stability of the conclusions from the intention-to-treat analysis against an available-case analysis that considers only data from fully-adherent participants in a General Linear Model (GLM) repeated measures analysis of variance (RMANOVA). With multiple time points and variables representing outcomes at both the individual and caregiver levels, the planned analyses involve multiple comparisons, which increases likelihood that any single outcome will be found to be statistically significant based on chance alone. In order to minimize this risk, we have carefully selected a limited number of outcomes and clearly designated primary and secondary outcomes. Accordingly, we will also employ a more stringent observed type I error criterion (p = .01) than the typical .05 criterion in order to buffer against potential inflation of Type I errors due to multiple tests being performed in both the GLMM and RMANOVA.
Tests of specific study hypotheses
Statistical analyses will test each of our a priori hypotheses that (1) MFG-SCI will be superior to SCIEC for SCI quality of life measures (patient activation, health status), 
Power calculations
No studies comparing MFG to a control condition in an SCI population exist from which to estimate power. Therefore, we have used a recent trial that included Dr. Dyck as a co-investigator implementing MFG with survivors of TBI and their families [24] . Significant decreases were reported in TBI patient anger-expression, social support, and occupational activity, with caregivers reporting significantly decreased caregiver burden; all p's < .05. Effect sizes across measures ranged from .6 to 1.0. The proposed study will be powered to determine whether the MFG-SCI is superior to the SCIEC control condition in 2 × 2 × 3, group-by-time since inpatient rehabilitation (0-18 months post-inpatient rehab vs. 19-36 months) by measurement time (baseline, posttreatment, 6-month follow-up) analyses of variance with repeated measures on the second factor. We have elected to estimate statistical power for the more conservative RMANOVA than for the more liberal GLMM procedure in order not to overestimate power. Given the lower bound effect size of .6, a 2-sided type I error rate of 0.01 [24] , 1 degree-of-freedom for each betweengroups comparison and 2 degrees-of-freedom for the repeated measures main effect, and an estimated correlation among repeated measures of 0.2, at a sample size per group of 16 (32 total dyads), the power to establish superiority of the intervention over the control condition is estimated to be 97 % across the primary and secondary endpoints for SCI patients and caregivers. If we were to lose four dyads to attrition, reducing number of dyads to 28 (14 per group), statistical power given the parameters above would be 95 %. Additionally, at a more conservative effect size of .5, at a sample size of 28, we would still have 87 % power to detect a main effect among groups. Thus, we have good power to detect a medium to large effect size even with a moderate degree of attrition. All power calculations were made with PASSv11.
Discussion
There is currently a knowledge gap concerning how to best help individuals with SCI incorporate effective management strategies into their everyday lives to support coping and functional independence. There is also a paucity of individualized educational and support services for families living with the consequences of SCI. This project will address this gap by conducting a randomized, controlled study to evaluate the effectiveness of the MFG intervention tailored for persons with SCI and their caregivers. Group members with SCI and their caregivers will be provided information about how SCI affects the body and how to maximize adjustments and functioning. They will also learn guidelines for coping, living, and staying healthy after experiencing SCI. Participants will be taught self-care strategies related to SCI, given practice in solving problems related to SCI, and have the opportunity to exchange experiences and coping strategies with other care dyads over an 8 to 9 month period. While the content of the sessions will be guided by set topics, the problem-solving foci will also be informed by information provided by participants during the initial individual 'joining' sessions and throughout the MFG treatment. If study outcomes support our hypotheses showing superior efficacy for MFG-SCI vs. SCIEC, MFG implementation could potentially improve the quality of life for many persons with SCI and their caregivers. 
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